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(57) ABSTRACT

Disclosed are a reference signal transmission method and
system for location measurement, a location measurement
method, device, and system using the same, and a time syn-
chronization method and device using the same. A method for
transmitting reference signals at two signal sources according
to an embodiment of the present invention includes step (a) of
transmitting a reference signal at a first signal source and
transmitting a reference signal (hereinafter, a second refer-
ence signal) at a second signal source in response to reception
of'the reference signal from the first signal source, and step (b)
of transmitting a reference signal (hereinafter, a first refer-
ence signal) at the first signal source in response to reception
of'the second reference signal from the second signal source,
wherein the steps (a) and (b) are repeatedly performed.

11 Claims, 6 Drawing Sheets
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REFERENCE SIGNAL TRANSMISSION
METHOD AND SYSTEM FOR LOCATION
MEASUREMENT, LOCATION
MEASUREMENT METHOD, DEVICE, AND
SYSTEM USING THE SAME, AND TIME
SYNCHRONIZATION METHOD AND DEVICE
USING THE SAME

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention relates to a location measurement
technique of a mobile terminal, and more specifically to a
reference signal transmission method and system for measur-
ing the location of a mobile terminal using a Time Difference
of Arrival (TDOA) scheme etc., a location measurement
method, device, and system using the same, and a time syn-
chronization method and device using the same.

2. Description of the Related Art

Technologies for measuring the location of a Mobile Ter-
minal (MT) include a network-based scheme such as an
Angle of Arrival (AOA), Time of Arrival (TOA) and TDOA,
a handset-based scheme such as a Global Positioning System
(GPS), and a hybrid scheme combining a network-based
scheme and a handset-based scheme.

A GPS scheme uses a satellite signal provided from a GPS
satellite and thus can offer an accurate location of a Mobile
Terminal (MT). However, many signal blocking areas are
present and the MT needs to be equipped with a GPS receiver
in order to implement the GPS scheme.

A location measurement technology that utilizes TDOA or
TOA is used, and it is mainly applied in a shadow area of GPS
when the GPS receiver is not provided or a hybrid GPS is
used.

A location measurement technology using the TDOA
scheme will now be briefly described. A time difference of
arrival of a signal, TDOA, which is proportional to the difter-
ence between distances of a receiver (an MT for example)
from two signal sources (two Base Stations (BSs) for
example) is measured, and the MT is located on any one of
points at which the difference between distances of the MT
from the two BSs is constant, i.e. on a hyperbola, the focuses
of which are the two BSs. Through this process, two hyper-
bolas are obtained from three BSs and an intersection point of
the two hyperbolas is estimated as the location of the MT.

A location measurement technology using the TOA
scheme will now be briefly described. A time of arrival of a
signal, TOA, between an MT and a BS is measured to mea-
sure a distance therebetween and the MT is located on a circle,
the center of which is the BS and the radius of which is the
measured distance. Three circles are obtained from at least
three BSs and an intersection point of the three circles is
estimated as the location of the MT.

To acquire a TDOA between each BS and an MT in the
TDOA scheme or a TOA between each BS and an MT in the
TOA scheme, time synchronization between each BS and an
MT is necessary. This will be described in more detail with
reference to FIGS. 1 and 2.

FIG. 1 is a view referred to for describing a TDOA calcu-
lation method in a conventional TDOA scheme in order to
confirm the location of an MT.

Referring to FIG. 1, two BSs, i.e. 2 BS A and a BS B,
transmit signals synchronized at an absolute time. An MT
receives a signal delayed by a signal shift time T2 between the
BS A and the MT from the BS A and receives a signal delayed
by a signal shift time T3 between the BS B and the MT from
the BS B.
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Using the signals received by the MT, TOAs T2 and T3
from the BSs to the MT can be obtained or a TDOA T4
(=T3-T2) from the two BSs to the MT can be obtained.

FIG. 2 is a view referred to for describing a TDOA calcu-
lation method in a conventional TDOA scheme or a TOA
calculation method in a conventional TOA scheme in order to
confirm the location of an MT.

Referring to FIG. 2, an MT transmits a predetermined
signal (including MT unique information etc.) synchronized
at an absolute time to a BS A and a BS B.

The BSs A and B receive a signal transmitted by the MT
based on an absolute time. That is, the BS A receives a signal
delayed by a signal shift time T2 between the BS A and the
MT from the MT and the BS B receives a signal delayed by a
signal shift time T3 between the BS B and the MT from the
MT. A TOA T2 of the signal from the MT to the BS A can be
obtained using the signal received by the BS A, and a TOA T3
of the signal from the MT to the BS B from the MT can be
obtained using a signal received by the BS B. The difference
between the TOAs, i.e. a TDOA T4 (=T3-T2), of the signals
from the MT to the two BSs can also be obtained.

In this case, time synchronization between each BS and an
MT, which is indispensable in the location measurement tech-
nology of the aforementioned TDOA or TOA scheme, is
performed using an additional time synchronization system
such as a satellite clock.

The time synchronization system plays a major role in
achieving a TDOA or TOA based location measurement sys-
tem. Accordingly, the presence of the time synchronization
system causes a substantial increase in the size and cost of the
location measurement system.

Furthermore, it is very difficult to achieve a time synchro-
nization system capable of accurately synchronizing each
BS. Errors occurring in the process of time synchronization
have a negative effect upon the location measurement of the
MT.

SUMMARY OF THE INVENTION

Therefore, the present invention has been made in view of
the above problems, and it is an object of the present invention
to provide a reference signal transmission method and sys-
tem, a location measurement method, device, and system
using the same, and a time synchronization method and
device using the same, which are capable of accurately mea-
suring the location of an MT by enabling calculation of a
TDOA between each BS and the MT or enabling time syn-
chronization, even without a time synchronization system.

In accordance with the present invention, the above and
other objects can be accomplished by the provision of a
method for transmitting reference signals at two signal
sources, including step (a) of transmitting a reference signal
at a first signal source and transmitting a reference signal
(hereinafter, a second reference signal) at a second signal
source in response to reception of the reference signal from
the first signal source, and step (b) of transmitting a reference
signal (hereinafter, a first reference signal) at the first signal
source in response to reception of the second reference signal
from the second signal source, wherein the steps (a) and (b)
are repeatedly performed.

In accordance with an aspect of the present invention, the
above and other objects can be accomplished by the provision
of a method for measuring a location of a mobile terminal,
including receiving first and second reference signals from
first and second signal sources for transmitting the first and
second reference signals using a scheme of transmitting a
reference signal of one signal source in response to reception
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of a reference signal of the other signal source, calculating a
Time Difference of Arrival (TDOA) between the first and
second reference signals in consideration of the first and
second reference signals and a signal shift time between the
first and second signal sources, and calculating the location of
the mobile terminal using the TDOA and locations of the first
and second signal sources.

In accordance with another aspect of the present invention,
there is provided a method for measuring a location of a
mobile terminal, including receiving a third signal transmit-
ted from a mobile terminal to first and second signal sources
for transmitting first and second reference signals using a
scheme of transmitting a reference signal of one signal source
in response to reception of a reference signal of the other
signal source, calculating a Time Difference of Arrival
(TDOA) of the third signal transmitted to the first and second
reference signals in consideration of a signal shift time
between the first and second signal sources, and calculating
the location of the mobile terminal using the TDOA and
locations of the first and second signal sources.

In accordance with a further aspect of the present inven-
tion, there is provided a method for performing time synchro-
nization in a reference signal transmission system including a
first signal source for transmitting a starting reference signal
and repeatedly transmitting a reference signal (a first refer-
ence signal) in response to reception of a reference signal
from a second signal source and the second signal source for
repeatedly transmitting a reference signal (a second reference
signal) in response to reception of the first reference signal
from the first signal source, the method including synchro-
nizing a time of a selected one of the first and second signal
sources with a time of the other signal source in consideration
a signal shift time between the first and second signal sources.

Other details of the present invention are included in a
detailed description and the attached drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

The above and other objects, features and other advantages
of'the present invention will be more clearly understood from
the following detailed description taken in conjunction with
the accompanying drawings, in which:

FIG. 1 is a view referred to for describing a TDOA calcu-
lation method in a conventional TDOA scheme;

FIG. 2 is a view referred to for describing another TDOA
calculation method in a conventional TDOA scheme;

FIG. 3 is a view illustrating a reference signal transmission
system and a location measurement system including the
reference signal transmission system according to an exem-
plary embodiment of the present invention;

FIG. 41is a view illustrating transmission signals of firstand
second BSs and a reception signal of an MT of FIG. 3;

FIG. 5 is a view illustrating transmission signals of firstand
second BSs and a reception signal of an MT, wherein a delay
occurs between a response pilot signal reception time and a
response pilot signal transmission time of'a first or second BS;

FIG. 6 is a block diagram illustrating the construction of a
BS according to an exemplary embodiment of the present
invention;

FIG. 7 is a block diagram illustrating the construction of a
BS according to another exemplary embodiment of the
present invention;

FIG. 8 is a block diagram illustrating a location measure-
ment device according to an exemplary embodiment of the
present invention;
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FIG. 9 isa view illustrating a location measurement system
according to another exemplary embodiment of the present
invention;

FIG. 10 is a view illustrating transmission signals of first
and second BSs, a transmission signal of an MT, and recep-
tion signals of the first and second BSs of FIG. 9;

FIG. 11 is a block diagram illustrating a location measure-
ment device according to another exemplary embodiment of
the present invention; and

FIG. 12 is a view illustrating a BS included in a system
necessary for time synchronization according to an exem-
plary embodiment of the present invention.

DETAILED DESCRIPTION OF THE INVENTION

Hereinafter, a reference signal transmission method and
system, and a location measurement method, device, and
system using the same according to a few exemplary embodi-
ments will be described in detail with reference to the
attached drawings. In addition, a time synchronization
method using the reference signal transmission method and
system for location measurement will be described in detail.

First, a reference signal transmission system according to
an exemplary embodiment of the present invention and a
reference signal transmission method for the same will be
described with reference to FIGS. 3 and 4. In addition, a
location measurement system using the reference signal
transmission system and a location measurement method in
the location measurement system will be described. FIG. 3 is
aview illustrating a reference signal transmission system and
alocation measurement system including the reference signal
transmission system according to an exemplary embodiment
of the present invention. FIG. 4 is a view illustrating trans-
mission signals of first and second BSs and a reception signal
of an MT of FIG. 3.

As illustrated in FIG. 3, a location measurement system
according to an exemplary embodiment of the present inven-
tion includes three signal sources, for example, first and third
BSs BS1, BS2, and BS3, and an MT for receiving signals
transmitted from the BSs BS1, BS2, and BS3. As the three
signal sources, three satellites may be used instead of the first
to third BSs BS1, BS2, and BS3 of the present embodiment.

When the location measurement system of the present
embodiment measures the location of the MT using a TDOA
scheme, the location of the MT, i.e. (X, y) coordinates, is
measured by calculating two hyperbolic functions as indi-
cated by the following Equations 1 and 2. Equation 1 indi-
cates a hyperbolic function, the focuses of which are the first
and second BSs BS1 and BS2 and Equation 2 indicates a
hyperbolic function, the focuses of which are the first and
third BSs BS1 and BS3. The MT is located at the intersection
point of the two hyperbolic curves.

V(r1=x)2+ (1 -3)2=V (x2=x P (y2 -y P=d12*C [Equation 1]

V(a1ox2—(11-32=V (13-xP— (13-yP—d13*C

Here, (x1, y1), (x2, y2), and (x3, y3) are location coordi-
nates of the firstto third BSs BS1, BS2, and BS3, respectively.
d12 denotes a TDOA between the first and second BSs BS1
and BS2 and the MT, d23 denotes a TDOA between the
second and third BSs BS2 and BS3 and the MT, and C is the
speed of light.

The location coordinates of the first to third BSs BS1, BS2,
and BS3 are preset coordinates. The MT may be previously
aware of the location coordinates or may receive the location
coordinates from the first to third BSs BS1, BS2, and BS3.
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Consequently, if the TDOA d12 between the first and sec-
ond BSs BS1 and BS2 and the MT and the TDOA d13
between the first and third BSs BS1 and BS3 and the MT are
calculated, the location (x, y) of the MT can be measured.

The location measurement system of the present embodi-
ment is devised to obtain a TDOA, for example, d12, between
each BS and an MT without time synchronization between
each BS and the MT and the following reference signal trans-
mission system and reference signal transmission method are
proposed. The reference signal transmission system is indi-
cated by dotted lines in FIG. 3.

Referring to the dotted lines of FIG. 3, the reference signal
transmission system includes the first and second BSs that
transmit reference signals (pilot signals) for location confir-
mation. A medium of the reference signal may be any oflight,
electromagnetic wave, and sound wave and a signal path of
the reference signal may be vacuum, atmosphere, wire, water,
or a combination thereof.

In the reference signal transmission system, the reference
signals transmitted by the first and second BSs BS1 and BS2
are generated using a mutual response scheme. The mutual
response scheme is described with reference to FIG. 4.

The first BS (BS1) transmits a data signal including BS
related information (information about a BS ID, location
coordinates, signal shift time between BSs, and delay time)
and then transmits a start pilot signal for generating a signal of
the mutual response scheme.

The second BS (BS2) receives a BS1 start pilot signal
delayed by a signal shift time T1 between the first and second
BSs (BS1 and BS2) from the first BS (BS1) and transmits a
BS2 response pilot signal in response to the BS1 start pilot
signal.

The first BS (BS1) receives the BS2 response pilot signal
delayed by the signal shift time T1 between the first and
second BSs (BS1 and BS2) from the second BS (BS2) and
transmits a BS1 response pilot signal in response to the BS2
response pilot signal. The second BS (BS2) receives the BS1
response pilot signal delayed by the signal shift time T1
between the first and second BSs (BS1 and BS2) from the first
BS (BS1) and transmits the BS2 response pilot signal in
response to the BS1 response pilot signal. Such processes are
repeatedly performed. The BS1 response pilot signal and the
BS2 response pilot signal may have different frequencies to
distinguish therebetween. For example, if the BS1 response
pilot signal has a frequency A and the BS2 response pilot
signal has a frequency B, the first BS (BS1) receiving the BS2
response pilot signal of the frequency B may change the BS2
response pilot signal of the frequency B to a signal of the
frequency A and transmit the BS1 response pilot signal. Con-
versely, upon receiving the BS1 response pilot signal of the
frequency A, the second BS (BS2) may change the BS1
response pilot signal of the frequency A to a signal of the
frequency B and transmit the BS2 response pilot signal.

In this case, the present embodiment represents that no
delay occurs between a reception time of the response pilot
signal and a transmission time of the response pilot signal in
the first and second BSs (BS1 and BS2). That is, in the present
embodiment, the second BS transmits the BS2 response pilot
signal immediately upon receiving the BS1 pilot signal (start
pilot signal or response pilot signal) and the first BS transmits
the BS1 response pilot signal immediately upon receiving the
BS2 response pilot signal. However, the present invention is
not limited thereto. In other embodiments, the first or second
BS (BS1 or BS2) may transmit the response pilot signal
thereof after a predetermined delay time upon receiving the
other party’s pilot signal. This will be described later.
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In summary, each of the two BSs (BS1 and BS2) transmits
a signal in a manner of transmitting a response pilot signal in
response to a pilot signal received from the other party. The
response pilot signal will hereinafter be referred to as a ref-
erence signal because it is a reference signal for location
confirmation of the MT. Although not shown in FIG. 3, the
first BS BS1 includes a first transmitter for transmitting a
reference signal of the first BS BS1, and a first receiver for
receiving a reference signal of the second BS BS2, and the
second BS BS2 includes a second transmitter for transmitting
a reference signal of the second BS BS2, and a second
receiver for receiving a reference signal of the first BS BS1.

The response pilot signal of the mutual response scheme is
repeatedly transmitted for a predetermined time and then a
series of processes of transmitting a data signal including BS
related information and transmitting a response pilot signal of
the mutual response scheme according to transmission of a
start pilot signal is performed. Such processes are repeated at
a prescribed period.

The BS1 response pilot signal transmitted by BS1 and the
BS2 response pilot signal transmitted by BS2 have a pre-
scribed period Tp (hereinafter, a response signal period). The
response signal period Tp is a shift time of a signal transmit-
ted and received between the first BS and the second BS.

In this case, at every middle point of BS1 response pilot
signals transmitted by any one BS (the first BS for example),
BS2 response pilot signals transmitted by the other party (the
second BS for example) is transmitted. In other words, the
response pilot signals are alternately transmitted from BS1
and BS2 at a time interval proportional to a distance between
BS1 and BS2. Accordingly, a time interval of the response
pilot signals alternately transmitted by BS1 and BS2 may be
defined as a signal shift time T1 between BS1 and BS2. The
signal shift time T1 is equal to Tp*V4.

While the reference signal transmission system and the
reference signal transmission method have been described, an
embodiment of a location measurement system using the
reference signal transmission system and a location measure-
ment method in the location measurement system will be
described in detail hereinbelow.

Referring back to FIGS. 3 and 4, the MT located at a
prescribed distance from each BS receives the BS1 reference
signal and the BS2 reference signal generated by the afore-
mentioned mutual response scheme. At this time, the MT
receives the BS1 reference signal delayed by a signal shift
time proportional to the distance between the first BS and the
MT, i.e. by a signal shift time T2 between the first BS and the
MT and receives the BS2 reference signal delayed by a signal
shift time proportional to the distance between the second BS
and the MT, i.e. by a signal shift time T3 between the second
BS and the MT.

The MT calculates the above-described response signal
period Tp using the signal received from the first BS BS1 and
the signal received from the second BS BS2 and calculates the
signal shift time (T1, T1=Tp*'%) between the first and second
BSs BS1 and BS2 based upon the response signal period Tp.
As another method, the MT may calculate the signal shift
time T1 between the first and second BSs BS1 and BS2 from
the BS related information data signal including information
as to BS ID, location coordinates, and signal shift time
between BSs.

As can be seen from FIG. 4, the first BS BS1, the second BS
BS2, and the MT are not synchronized at an absolute time.
However, in the present embodiment, the MT receives the
BS1 reference signal and the BS2 reference signal generated
by the above mutual response scheme and may calculate a
TDOA (e.g. d12) between each BS and the MT using the
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received signals and the signal shift time T1 between the first
and second BSs BS1 and BS2. Hereinafter, a method through
which the MT calculates d12 will be described in detail.

A method for calculating d12 will be described first and a
method for measuring the location of the MT using the same
will be described later. The MT calculates a TDOA (T, here-
inafter, referred to as an initial TDOA) between signals trans-
mitted from the first and second BSs BS1 and BS2 to the MT
using the signal received by the first BS BS1 and the signal
received by the second BS BS2. In this case, since signals
transmitted by the first and second BSs BS1 and BS2 of the
present invention are not signals synchronized at an absolute
time, the initial TDOA Tr is not a TDOA (d12, hereinafter, a
final TDOA) between the first and second BSs BS1 and BS2
and the MT, which is to be finally calculated. This is because
the BS2 reference signal is a signal more delayed by the signal
shift time T1 between the first and second BSs BS1 and BS2
than the BS1 reference signal.

Accordingly, to calculate the final TDOA d12, the MT
corrects the initial TDOA Tr in consideration of the signal
shift time T1 between the first and second BSs BS1 and BS2
s0 as to eliminate an influence caused by the BS2 reference
signal more delayed by the signal shift time T1 than the BS1
reference signal. For example, the final TDOA d12 may be
obtained by subtracting the signal shift time T1 between the
first and second BSs BS1 and BS2 from the initial TDOA Tr.

The MT can obtain a hyperbolic curve as indicated by the
above Equation 1 using the calculated final TDOA d12 and
the previously obtained location coordinates (x1,y1) and (x2,
y2) of the first and second BSs BS1 and BS2.

Using the afore-described scheme, the MT can calculate a
final TDOA d13 between the first and third BSs BS1 and BS3
and the MT and obtain a hyperbolic curve as indicated by the
above Equation 2 using the calculated final TDOA d13 and
the previously obtained location coordinates (x1,y1) and (x3,
y3) of the first and third BSs BS1 and BS3.

Thus, the location coordinates (x, y) of the MT are calcu-
lated by obtaining the intersection point between the two
hyperbolic curves.

In summary, the location measurement system of the
present invention uses the reference signal transmission sys-
tem or method for generating a signal by the mutual response
scheme. The MT obtains a TDOA by receiving the reference
signal. Here, the MT considers a signal shift time between
BSs so that an effect of synchronizing each BS or the MT at
an absolute time may be obtained.

While the case in which the response pilot signal reception
time and the response pilot transmission time in the first and
second BSs BS1 and BS2 have no delay has been described
hereinabove, delay may occur as described above. This will
be described hereinbelow in more detail.

FIG. 5 is a view illustrating transmission signals of firstand
second BSs and a reception signal of an MT, wherein a delay
occurs between a response pilot signal reception time and a
response pilot signal transmission time in a first or second BS
BS1 or BS2.

Referring to FIG. 5, upon receiving a BS2 response pilot
signal, the first BS BS1 transmits a BS1 response pilot signal
after a first delay time Td1. Upon receiving a BS1 pilot signal
(start pilot signal or response pilot signal), the second BS BS2
transmits the BS2 response pilot signal after a second delay
time Td2. That is, while Tdl and Td2 are O in the above
embodiment, at least one of Td1 and Td2 has a value exceed-
ing 0 in this embodiment. In this case, Td1 and Td2 may have
the same or different values. If delay occurs as in this case,
two methods may be used to eliminate an influence caused by
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the delay. One is to consider a delay time at the side of the MT
and the other is to eliminate an effect caused by a delay time
at the side of the BSs.

First, a method considering delay time at the MT side is as
follows.

To obtain d12 in the TDOA scheme, the MT calculates a
TDOA (Tr, hereinafter, an initial TDOA) between signals
transmitted from the first and second BSs BS1 and BS2 to the
MT, using a signal received by the first BS BS1 and a signal
received by the second BS BS2 in consideration of the first
and second delay times Td1 and Td2. In other words, the MT
subtracts a delay time of the first BS BS1, i.e. the first delay
time Td1, from a reception time of the signal received from
the first BS BS1 and subtracts a delay time of the second BS
BS2, i.e. the second delay time Td2, from a reception time of
the signal received from the second BS BS2 and then calcu-
lates the initial TDOA Tr. A process after calculating the
initial TDOA Tr, that is, a process of correcting the initial
TDOA Tr in consideration of a signal shift time T1 between
the first and second BSs BS1 and BS2 is the same as the
previously described process.

If Td1 and Td2 have the same value, calculation of sub-
tracting the first delay time Td1 from a reception time of the
signal received from the first BS BS1 and subtracting the
second delay time Td2 from a reception time of the signal
received from the second BS BS2 need not be performed.
This is because subtraction of the same value from the two
reception times has no difference with the initial TDOA Tr
which is the difference between reception times of signals
received from the first and second BSs BS1 and BS2, when
the delay time is not considered.

Referring to FIG. 5, although the first delay time Td1 and
the second delay time Td2 have an effect on the initial TDOA
Tr, a signal shift time T2 between the first BS BS1 and the MT
or a signal shift time T3 between the second BS BS2 and the
MT is not affected thereby.

In summary, if a delay occur between a response pilot
signal reception time and a response pilot signal transmission
time in a first or second BS BS1 or BS2, the initial TDOA Tr
is calculated in consideration of the delay times Td1 and Td2
in the TDOA scheme, especially when Td1 is different from
Td2. However, in order to consider the first delay time Td1 or
the second delay time Td2, the MT should receive informa-
tion about the delay time from the first BS BS1 or the second
BS BS2. In other words, the first BS BS1 or the second BS
BS2 has to calculate the first delay time Td1 or the second
delay time TD2 and transmit information about the delay time
to the MT.

To this end, the BS further includes a delay time calculator
for calculating a delay time, in addition to a transmitter for
transmitting the above-described reference signal and a
receiver for receiving the reference signal. This will be
described in more detail with reference to FIG. 6.

FIG. 6 is a block diagram illustrating the construction of a
BS according to an exemplary embodiment of the present
invention, wherein a delay time of the BS can be calculated
through such construction. The BS shown in FIG. 6 may be,
for example, the first BS BS1. However, the second BS BS2
or the third BS BS3 may also have substantially the same
construction as the first BS BS1 to calculate a delay time
thereof.

Referring to FIG. 6, the first BS BS1 includes a transmitter
61 for transmitting a signal to the exterior, a receiver for
receiving a signal from the exterior, and a delay time calcu-
lator 63 for calculating a first delay time Td1 of the first BS
BS1.
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The transmitter 61 may transmit a reference signal of a first
BS BS1 (a BS1 reference signal) and the receiver 62 receives
areference signal of the other party, i.e. the second BS BS2 (a
BS2 reference signal) as described previously.

The delay time calculator 63 may calculate the difference
between a reception time of the BS2 reference signal received
by the receiver 62 and a transmission time of the BS1 refer-
ence signal transmitted by the transmitter 61 and thus calcu-
late a delay time thereof, i.e. a first delay time Td1. The first
delay time Td1 may be included in, for example, a data signal
including BS related information of the first BS BS1 and may
be provided to the MT. The delay time Td1 may be provided
during every data signal transmission or during data signal
transmission of a predetermined period.

Next, the method for eliminating a delay time effect at the
BS side will be described.

In the TDOA scheme, if the first delay time Td1 and the
second delay time Td2 are the same, the influence caused by
a delay time need not be considered. Accordingly, if any one
of the BSs equalizes a delay time of the other BS to a delay
time thereof, the influence caused by the delay times can be
eliminated. To this end, the BS further includes a signal trans-
mission adjuster for adjusting a delay time of the BS accord-
ing to a delay time of the other BS, in addition to the trans-
mitter for transmitting the reference signal and the receiver
for receiving the reference signal. Further, the BS may further
include a delay time calculator for calculating a delay time
thereof and a delay time of the other BS. This will be
described in more detail with reference to FIG. 7.

FIG. 7 is a block diagram illustrating the construction of a
BS according to another exemplary embodiment of the
present invention, wherein a delay time of the BS or a delay
time of the other party can be adjusted through such construc-
tion. The BS shown in FIG. 7 may be, for example, the first BS
BS1. However, the second BS BS2 or the third BS BS3 may
also have substantially the same construction as the first BS
BS1.

Referring to FIG. 7, the first BS BS1 includes a transmitter
for transmitting a signal to the exterior, a receiver 72 for
receiving a signal from the exterior, and a signal transmission
adjuster 74.

The transmitter 71 may transmit a BS1 reference signal as
described above.

The receiver 72 may receives a reference signal of the other
party’s BS, i.e. a BS2 reference signal, as described above.

The signal transmission adjuster 74 adjusts a delay time of
the BS1 reference signal using a second delay time Td2 of the
other party, i.e., the second BS. That is, the signal transmis-
sion adjuster 74 delays the BS1 reference signal by the same
time as the second delay time Td2 instead of the first delay
time Td1 according to the second delay time Td2. Then, the
transmitter 71 transmits the BS1 reference signal having the
second delay time Td2.

The first BS BS1 may be informed ofthe second delay time
Td2 by the second BS BS2 or the first BS BS1 may calculate
the second delay time Td2.

Ifthe first BS BS1 is informed of the second delay time Td2
by the second BS BS2, the second BS BS2 may have the
construction shown in FIG. 6 and calculate the second delay
time Td2 by the method described with reference to FIG. 6.
The second BS BS2 may inform the first BS BS1 of the
calculated delay time using a wired or wireless path different
from the BS2 reference signal.

Alternatively, if the first BS BS1 calculates the second
delay time Td2, the first BS1 further includes the delay time
calculator 73 for calculating the second delay time Td2. In
addition, the transmitter 71 transmits a prescribed signal for
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calculating a delay time of the other BS, e.g. a delay time of
the second BS BS2, (hereinafter, a BS2 delay measurement
signal) at the same time as a transmission time of the BS1
reference signal. To facilitate signal determination, the BS2
delay measurement signal may be a signal using a medium,
for example, light, electromagnetic wave, or sound wave,
different from that used in the BS1 reference signal or may be
a signal using the same medium as that used in the BS1
reference signal and using a different frequency from that
used in the BS1 reference signal. The receiver 72 receives a
signal reflected by the BS2 delay measurement signal from
the second BS BS2. The delay time calculator 73 may calcu-
late a delay time of the first BS1, i.e. the first delay time Td1,
by calculating the difference between a reception time of the
BS2 reference signal received by the receiver 72 and a trans-
mission time of the BS1 reference signal transmitted by the
transmitter 71. The delay time calculator 73 may calculate the
second delay time Td2 of the second BS BS2 by calculating
the difference between a reception time of the BS2 delay
measurement signal and a reception signal of the BS2 refer-
ence signal. As described above, the BS2 delay measurement
signal transmitted at the same time as the BS1 reference
signal is immediately reflected from the second BS BS2 and
arrives at the first BS BS1. On the other hand, the BS1 refer-
ence signal is received by the second BS BS2, is delayed by a
prescribed time Td2, and then arrives at the first BS BS1 as the
BS2 reference signal.

The method for eliminating a delay time influence at the
MT side and the construction of the BS therefor (refer to FIG.
6) have been described hereinabove. In addition, the method
for eliminating a delay time influence at the BS side and the
construction of the BS therefor (refer to FIG. 7) have been
described hereinabove.

FIG. 8 is a block diagram illustrating a location measure-
ment device according to an exemplary embodiment of the
present invention. The location measurement device of this
embodiment performs an operation similar to the aforemen-
tioned operation of the MT of FIG. 3.

As illustrated in FIG. 8, a location measurement device
according to an exemplary embodiment of the present inven-
tion includes a receiver 51, a TDOA calculator 52, and a
location calculator 53.

The receiver 51 receives a BS1 reference signal and a BS2
reference signal generated by the above-described mutual
response scheme.

The TDOA calculator 52 calculates an initial TDOA Tr
between signals transmitted from the first and second BSs
BS1 and BS2 to the MT using the signal received by the first
BS BS1 and the signal received by the second BS BS2. Ifa
first delay time Td1 occurs between a response pilot signal
reception time and a response pilot signal transmission time
in the first BS BS1, a second delay time Td2 occurs between
a response pilot signal reception time and a response pilot
signal transmission time in the second BS BS2, and the first
and second delay times Td1 and Td2 have different values, the
arrival time calculator 52 receives information about the first
and second delay times Td1 and Td2 from the first and second
BSs BS1 and BS2 and calculates the initial TDOA Tr in
consideration of Td1 and Td2 as in the above description.

The TDOA calculator 52 obtains a final TDOA dsl by
correcting the initial TDOA Tr in consideration of a signal
shift time T1 between the first and second BSs BS1 and BS2,
which is calculated using a period Tp of a signal transmitted
from the first or second BS BS1 or BS2 or which is obtained
from BS related information. This has been described above.

The location calculator 53 obtains a hyperbolic function
equation using the final TDOA d12 and previously obtained
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location coordinates (x1, y1) and (x2, y2) of the first and
second BSs BS1 and BS2, thereby acquiring a location (x, y)
of the MT.

Hereinafter, a location measurement scheme in a location
measurement system according to another exemplary
embodiment of the present invention will be described with
reference to FIGS. 9 and 10. The location measurement sys-
tem and location measurement method of this embodiment
use the aforementioned reference signal transmission system
and method as in the above embodiment. FIG. 9 is a view
illustrating a location measurement system according to
another exemplary embodiment of the present invention.
FIG. 10 is a view illustrating transmission signals of first and
second BSs, a transmission signal of an MT, and reception
signals of the first and second BSs of FIG. 9.

Referring to FIGS. 9 and 10, the location measurement
system according to another exemplary embodiment of the
present invention includes first to third BSs BS1, BS2, and
BS3, an MT for transmitting a signal to the first to third BSs
BS1, BS2, and BS3, and a location measurement device LM
for controlling the BSs BS1, BS2, and BS3 and measuring the
location of the MT using transmission and reception signals
of the BSs BS1, BS2, and BS3.

A part denoted by dotted lines in FIG. 9 indicates a refer-
ence signal transmission system which is the same as the
reference signal transmission system of FIG. 3 (the part
denoted by dotted lines in FIG. 3). A reference signal trans-
mission method performed in the reference signal transmis-
sion system of FIG. 9 is also the same as that performed in the
reference signal transmission system of FIG. 3 and, therefore,
a description thereof will be omitted.

Since the location of the MT is measured using the TDOA
scheme as previously described, calculation of d12 will be
focused upon hereinbelow. In particular, in this embodiment,
d12 is a TDOA between signals transmitted from the first and
second BSs BS1 and BS2 to the MT.

The MT transmits a signal including MT unique informa-
tion to the first and second BSs BS1 and BS2.

The first and second BSs BS1 and BS2 transmit reference
signals thereof and receive an MT transmission signal. That
is, the first BS BS1 receives the MT transmission signal
delayed by a signal shift time T2 between the first BS BS1 and
the MT and the second BS BS2 receives the M T transmission
signal delayed by a signal shift time T3 between the second
BS BS2 and the MT.

The location measurement device LM obtains the afore-
mentioned response signal period Tp using the BS1 reference
signal transmitted by the first BS BS1 or the BS2 reference
signal transmitted by the second BS BS2 and calculates a
signal shift time T1 (T1=Tp*V%) between the first and second
BSs BS1 and BS2 from the response signal period Tp or
obtains the signal shift time T1 from the BS related informa-
tion.

The location measurement device LM calculates Ta, which
is a TOA of the signal transmitted from the MT to the first BS
BS1 (the difference between a transmission time of the ref-
erence signal of the first BS BS1 and a reception time of the
signal from the MT), using the BS1 reference signal. The
location measurement device also calculates Tb, which is a
TOA of'the signal transmitted from the MT to the second BS
BS2 (the difference between a transmission time of the ref-
erence signal of the second BS BS2 and a reception time of
the signal from the MT), using the BS2 reference signal. In
this case, since the first and second BSs BS1 and BS2 of the
present invention do not transmit signals synchronized at an
absolute time, the difference between Ta and Tb (hereinafter,
an initial TDOA), which is a TDOA between signals trans-
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mitted from the MT to the first and second BSs BS1 and BS2,
is not a desired TDOA (d12, hereinafter, a final TDOA)
between signals transmitted from the MT to the first and
second BSs BS1 and BS. This is because, in this embodiment,
the BS2 transmission signal is a signal more delayed by a
signal shift time T1 between the first and second BSs BS1 and
BS2 than the BS1 transmission signal.

Accordingly, in order to calculate the final TDOA d12, the
location measurement device LM corrects the initial TOAs Ta
and Tb or an initial TDOA in consideration of the signal shift
time T1 between the first and second BSs BS1 and BS2 so as
to eliminate an effect of the BS2 transmission signal more
delayed than the BS1 transmission signal.

More specifically, in the TDOA scheme, the final TDOA
d12 can be obtained by subtracting the larger of Ta and Tb
from avalue adding the smaller of Ta and Tb to the signal shift
time T1 between the first and second BSs BS1 and BS2.

The location measurement device LM calculates location
coordinates (X, y) of the MT using the obtained final TDOA
d12 and location coordinates (x1, y1) and (x2, y2) of the first
and second BSs BS1 and BS2.

Although the case in which delay does not occur between
a reception signal of the response pilot signal and a transmis-
sion time of the response pilot signal in the first and second
BSs BS1 and BS2 has been described, the delay may occur as
described previously.

The delay may occur in the case in which the first BS BS1
transmits the BS1 response pilot signal after the first delay
time Td1 upon receiving the BS2 response pilot signal and the
second BS BS2 transmits the BS2 response pilot signal after
the second delay time Td2 upon receiving the BS1 pilot signal
(start pilot signal or response pilot signal).

In this case, since the method considering a delay time in
the MT side (in this embodiment, the location measurement
device LM) or eliminating delay time influence at the BS side
are substantially the same as that described with reference to
FIGS. 5 to 7, a detailed description thereof is omitted.

FIG. 11 is a block diagram illustrating a location measure-
ment device according to another exemplary embodiment of
the present invention. The location measurement device of
this embodiment performs an operation similar to that of the
above-described location measurement device LM of FIG. 9.

Asillustrated in FIG. 11, alocation measurement device 80
according to an embodiment of the present invention includes
a BS monitor 81, a TDOA calculator 82, and a location
calculator 83.

The BS monitor 81 monitors transmission signals of the
first and second BSs BS1 and BS2 generated using a mutual
response scheme and reception signals received by the first
and second BSs BS1 and BS2 from the MT and obtains
information about the signals.

The TDOA calculator 82 calculates an initial TDOA Tr
between signals transmitted from the first and second BSs
BS1 and BS2 to the MT upon receiving signals from the MT
by the first and second BSs BS1 and BS2. In this case, the
initial TDOA Tr is the difference between a TOA of a signal
transmitted to the first BS BS1 from the MT and a TOA of a
signal transmitted to the second BS BS1 from the MT. Here,
the TOA of the signal transmitted to the first BS BS1 from the
MT is an initial TOA Ta which is the difference between a
signal transmission time of the first BS BS1 and a signal
reception time from the MT. The TOA of'the signal transmit-
ted to the second BS BS1 from the MT is an initial TOA Tb
which is the difference between a signal transmission time of
the second BS BS2 and a signal reception time from the MT.
If a first delay time Td1 occurs in the first BS BS1, a second
delay time Td2 occurs in the second BS BS2, and the first and
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second delay times Td1 and Td2 have different values, Td1
and Td2 are considered to calculate the initial TDOA Tr as in
the above description.

The arrival time calculator 82 obtains a final TDOA ds1 by
correcting the initial TDOA Tr in consideration of a signal
shift time T1 between the first and second BSs BS1 and BS2,
which is calculated using a period Tp of a signal received
from the first or second BS BS1 or BS2 or which is obtained
from BS related information. A detailed description thereof
has been given above.

The location calculator 83 obtains a location (x, y) of the
MT using the final TDOA d12 and previously obtained loca-
tion coordinates (x1, y1) and (x2, y2) of the first and second
BSs BS1 and BS2.

Hereinabove, the location measurement system, location
measurement device, and location measurement method
which are capable of measuring the location of the MT by
calculating a TDOA between each BS and the MT using the
reference signal transmission system and method have been
described.

Further, in another exemplary embodiment of the present
invention, time synchronization between signal sources (e.g.
BSs) can be performed using the above-described reference
signal transmission system and method, in a system necessary
for time synchronization. The system necessary for time syn-
chronization may be a system using a [.ocation Based Service
(LBS), a Real Time Location System (RTLS), Wi-Fi, TOA,
CDMA, etc. This will be described in detail with reference to
FIGS. 3 and 12.

The reference signal transmission system of FIG. 3 (refer
to dotted lines of FIG. 3) transmits a reference signal using the
mutual response scheme as described above and, therefore, a
detailed description thereof will be omitted. If the reference
signal transmission system of F1G. 3 is a system necessary for
time synchronization, a BS included in the reference signal
transmission system of FIG. 3, for example, the first BS BS1,
may have a construction as illustrated in FIG. 12 and perform
a time synchronization method which will be described with
reference to FIG. 12.

FIG. 12 is a view illustrating a BS included in a system
necessary for time synchronization according to an exem-
plary embodiment of the present invention. The BS of FIG. 12
may be, for example, the first BS BS1 included in the refer-
ence signal transmission system of FIG. 3. However, the
present invention is not limited thereto and BSs included in
the system necessary for time synchronization transmit ref-
erence signals by the mutual response scheme and may have
the same construction as the BS of this embodiment.

The construction of a BS and a time synchronization
method in the BS will now be described with reference to
FIG. 12. The first BS BS1 includes a transmitter 121 for
transmitting a signal to the exterior, a receiver 122 for receiv-
ing a signal from the exterior, and a time synchronizer 124.

The transmitter 121 may transmit a BS1 reference signal as
described above.

The receiver 122 may receive a reference signal of the other
party BS, for example, a BS2 reference signal as described
above.

The time synchronizer 124 synchronizes time of the first
BS BS1 with time of the other BS, for example, the second BS
BS2 by adjusting a time of a signal received by the second BS
BS2 in consideration of a signal shift time T1 between the first
BS BS1 and the second BS BS2. That is, the time synchro-
nizer 124 advances or delays a time of a signal received by the
second BS BS2 by T1 so as to synchronize the time of the first
BS BS1 with the time of the second BS BS2. Therefore, the
first BS BS1 can be time-synchronized with the second BS
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BS2 by a BS2 reference signal advanced or delayed by T1. In
this way, time synchronization with the second BS can be
performed and absolute time synchronization with other BSs
can be performed.

The signal shift time T1 may be obtained by multiplying by
a response signal period Tp acquired using a signal received
from the first or second BS V4, as described above. To this end,
the first BS BS1 may further include a signal shift time cal-
culator 123. Alternatively, the signal shift time T1 between
BSs may be obtained from BS related information and, in this
case, the first BS BS1 need not include the signal shirt time
calculator 123.

At least two signal sources included in the system neces-
sary for time synchronization transmit reference signals by
the aforementioned mutual response scheme and at least one
of'the two signal sources includes an element such as the time
synchronizer 124, thereby implementing time synchroniza-
tion between two BSs.

In summary, time synchronization between two BSs can be
performed by advancing or delaying a signal synchronization
time of any one BS by a signal shift time between the two BSs
even without an additional time synchronization system. This
can be extended and applied to all BSs included in the system
necessary for time synchronization.

In a state in which time synchronization is achieved, if the
two BSs transmit reference signals, the MT or location mea-
surement device can measure the location thereof by calcu-
lating a TOA or TDOA using the conventional TOA or TDOA
scheme.

The elements of FIGS. 5 to 8, 11 and 12 may be imple-
mented by software such as a task, class, subroutine, process,
object, execution thread, or program, by hardware such as a
Field-Programmable Gate Array (FPGA) or an Application-
Specific Integrated Circuit (ASIC), or by a combination of
software and hardware. The above elements may be included
in a computer-readable storage medium and a part thereof
may be distributed among a plurality of computers.

As described above, the present invention proposes a new
scheme capable of calculating a TDOA between two BSs and
the MT even without time synchronization between two BSs.
The present invention also proposes a new scheme capable of
performing time synchronization between BSs without an
additional time synchronization system. Accordingly, since a
time synchronization system for location measurement need
not be implemented, a small and simplified location measure-
ment system can be achieved at low cost. Furthermore, since
time synchronization error is eliminated, accuracy of location
measurement can be improved.

The above-described reference signal transmission system
and method may be applied to the location measurement
technology or the time synchronization technology described
in the embodiment of the present invention and also to other
technologies. For example, if a reference signal transmitted in
the reference signal transmission system of the present
embodiment is reflected by an arbitrarily placed object, the
location of the object can be obtained by receiving the
reflected signal or a stereoscopic image of the object can be
acquired by receiving the reflected signal.

As is apparent from the above description, the present
invention provides a reference signal transmission method
and system, a location measurement method, device, and
system using the same, and a time synchronization method
and device using the same, which are capable of accurately
measuring the location of an MT by enabling calculation of a
TDOA between each BS and the MT or enabling time syn-
chronization, even without a time synchronization system,
thereby preventing location measurement error caused by
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time synchronization error and achieving small size, simpli-
fication, and low cost of the location measurement system.

Although the preferred embodiments of the present inven-
tion have been disclosed for illustrative purposes, those
skilled in the art will appreciate that various modifications,
additions and substitutions are possible, without departing
from the scope and spirit of the invention as disclosed in the
accompanying claims.

What is claimed is:
1. A method for measuring a location of a mobile terminal,
comprising:
transmitting a reference signal of a first signal source in
response to reception of a reference signal of the other
signal source, including a step (a) of transmitting a ref-
erence signal at the second signal source in response to
reception of the reference signal from the first signal
source and a step (b) of transmitting a reference signal at
the first signal source in response to reception of the
reference signal from the second signal source, and per-
forming the steps (a) and (b) repeatedly;
receiving at a mobile terminal first and second reference
signals from first and second signal sources for trans-
mitting the first and second reference signals;

calculating at the mobile terminal a Time Difference of
Arrival (TDOA) between the first and second reference
signals in consideration of the first and second reference
signals received from the mobile terminal and a signal
shift time between the first and second signal sources;
and

calculating at the mobile terminal the location of the

mobile terminal using the TDOA and locations of the
first and second signal sources;

wherein a signal shift time (T1) between the first and sec-

ond signal sources and a period (Tp) of the first reference
signal or the second reference signal satisfies T1=Tp*14.

2. The method according to claim 1, wherein the calcula-
tion of the TDOA includes subtracting a signal shift time
between the first and second signal sources from a difference
between reception times of the first and second reference
signals.

3. The method according to claim 1, wherein, in step (a),
the second signal source transmits a second reference signal
more delayed by a second delay time than a reception time of
the first reference signal and, in step (b), the first signal source
transmits a first reference signal more delayed by a first delay
time than a reception time of the second reference signal.

4. The method according to claim 3, wherein, if the first
delay time is different from the second delay time, one of
steps (a) and (b) transmits a reference signal by equalizing the
delay time in the corresponding step with the delay time in the
other step.

5. The method according to claim 3, wherein, if the first
delay time is different from the second delay time, the calcu-
lation of the TDOA considers the first and second delay times.

6. The method according to claim 5, wherein the calcula-
tion of the TDOA includes calculating a difference between
reception times of the first and second reference signals in a
state in which the first and second delay times are considered
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and subtracting a signal shift time between the first and sec-
ond signal source from the difference between the reception
times.

7. A method for measuring a location of a mobile terminal,
comprising:

transmitting a reference signal of a first signal source in

response to reception of a reference signal of the other
signal source:

step (a) of transmitting a reference signal at the second

signal source in response to reception of the reference
signal from the first signal source;

step (b) of transmitting a reference signal at the first signal

source in response to reception of the reference signal
from the second signal source,
performing the steps (a) and (b) repeatedly,
transmitting at the mobile terminal a signal for measuring
a location of the mobile terminal;

receiving a third signal transmitted from a mobile terminal,
at the first and second signal sources for transmitting
first and second reference signals;

calculating at the first or second signal sources a Time

Difference of Arrival (TDOA) of the third signal trans-
mitted to the first and second reference signals in con-
sideration of a signal shift time between the first and
second signal sources; and

calculating at the first or second signal sources the location

of the mobile terminal using the TDOA and locations of
the first and second signal sources;

wherein a signal shift time (T1) between the first and sec-

ond signal sources and a period (Tp) of the first reference
signal or the second reference signal satisfies T1=Tp*V%.

8. The method according to claim 7, wherein the calcula-
tion of the TDOA includes subtracting the larger of an arrival
time of the first signal source of the third signal, wherein the
arrival time is a difference between a transmission time of the
first reference signal at the first signal source and a reception
time of the third and signal and an arrival time of the second
signal source of the third signal, wherein the arrival time is a
difference between a transmission time of the second refer-
ence signal at the second signal source and a reception time of
the third signal from a value obtained by adding the signal
shift time between the first and second signal sources to the
smaller of the arrival time of'the first signal source of the third
signal and the arrival time of the second signal source of the
third signal.

9. The method according to claim 7, wherein, in step (a),
the second signal source transmits a second reference signal
more delayed by a second delay time than a reception time of
the first reference signal and, in step (b), the first signal source
transmits a first reference signal more delayed by a first delay
time than a reception time of the second reference signal.

10. The method according to claim 9, wherein, if the first
delay time is different from the second delay time, one of
steps (a) and (b) transmits a reference signal by equalizing the
delay time in the corresponding step with the delay time in the
other step.

11. The method according to claim 9, wherein, if the first
delay time is different from the second delay time, the calcu-
lation of the TDOA considers the first and second delay times.
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